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Abstract
We present the calculation of the ﬁnite part of the heavy quark impact factor at next-to-leading logarithmic (NLx)
accuracy. The ﬁnal result is written in a form suitable for phenomenological studies such as the calculation of the
cross-section for single heavy quark production at the LHC within the kT -factorization scheme.
1. Introduction
Signiﬁcant developments in the last two decades
in small-x physics made possible the phenomenolog-
ical analysis of deep inelastic scattering (DIS) and
other high energy scattering processes within the kT -
factorization scheme. They were mainly driven by the
Balitsky-Fadin-Kuraev-Lipatov (BFKL) framework for
the resummation of high center-of-mass energy loga-
rithms at leading (Lx) [1] and next-to-leading (NLx) [2]
logarithmic accuracy.
An important ingredient for studying high energy
scattering processes within the kT -factorisation scheme
is the impact factor, a process dependent object. The im-
pact factors for gluons and massless quarks have been
calculated in Ref. [3], at NLx accuracy. This allows
for the calculation of various processes with massless
quarks and gluons in the initial state. The generaliza-
tion to hadron-hadron collisions has also been estab-
lished [4, 5, 6].
The NLx impact factor for a massive quark in the ini-
tial state has been calculated in Ref. [7]. However, the
result was given in a form of a sum over an inﬁnite num-
ber of terms. To make the result of Ref. [7] available
for phenomenological studies we recalculate the NLx
heavy quark impact factor in a compact and resummed
form which is more suitable for numerical applications.
2. High energy factorisation
In the high energy limit: ΛQCD  |t|  s, the par-
tonic cross-section of 2 → 2 processes factorises into
the impact factors ha(k1) and hb(k2) of the two col-
liding partons a and b, and the gluon Green’s function
Gω(k1, k2) (here in Mellin space) so that the diﬀerential
cross-section can be written as
dσab
d[k1] d[k2]
=
∫
dω
2πiω
ha(k1)Gω(k1, k2) hb(k2)
×
(
s
s0(k1, k2)
)ω
,
whereω is the dual variable to the rapidity Y , and d[k] =
d2+2εk/π1+ε is the transverse space measure. The Lx
quark impact factor can be expressed by a very simple
formula:
h(0)(k) =
√
π
N2c − 1
2CFαSNε
k2 μ2ε
, Nε =
(4π)ε/2
Γ(1 − ε) ,
and it is the same (up to a color factor) for quarks and
gluons. Variables μ and ε are the renormalization scale
and the dimensional regularization parameter respec-
tively.
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3. NLx correction in an integral form
The NLx impact factor can be written as a sum of the
leading order impact factor and NLx correction
hq(k2) = h(0)(k2) + h(1)q (k2) (1)
According to Ref. [7], the NLx correction for the im-
pact factor of a heavy quark can be written as the sum
of three contributions:
h(1)q (k2) = h
(1)
q,m=0(k2) +
∫ 1
0
dz1
∫
d[k1]ΔFq(z1, k1, k2)
+
∫
d[k1]αS h(0)q (k1) K0(k1, k2) log
m
k1
Θmk1 ,
with the convention Θmk1 = θ (m − k1), where the θ-
function is the well-known Heaviside step function and
k1 = |k1|. The ﬁrst term on the right hand side of Eq.(2)
is the NLx correction to the impact factor of a massless
quark, which can be expressed by using the leading or-
der impact factor h(0)(k) and the gluon Regge trajectory
ω(1)(k) = −αS2ε Γ
2(1+ε)
Γ(1+2ε)
(
k2
μ2
)ε
,
h(1)q,m=0(k2) = h
(0)(k2)ω(1)(k2)
[
b0 +
3
2
− ε
(
1
2
+K
)]
,
(2)
with the beta function b0 = 116 − n f3Nc and K = 6718 − π
2
6 −
5n f
9Nc
.
The second term on the right hand side of Eq.(2) is
the NLx correction induced by the heavy quark mass m,
with ΔFq(z1, k1, k2) deﬁned in Ref. [7]. The third term
comes from the introduction of the mass scale to the
leading order BFKL kernel K0(k1, k2) which is deﬁned
as
αS K0(k1, k2) =
αS
q2Γ(1 − ε)μ2ε + 2ω
(1)(k1)δ[q] ,
δ[q] = π1+εδ2+2ε(q) ,
(3)
with q = k1 + k2. The ﬁrst term on the right hand
side of Eq.(3) corresponds to the real component of the
BFKL kernel and the second one to the virtual correc-
tions.
4. The analytic impact factor
Collecting all the contributions, the impact factor of
a heavy quark at NLx accuracy reads hq(k) = h(0)(k) +
h(1)q (k) , and can be expressed in terms of a singular and
a ﬁnite contribution
hq(k) = h(1)q (k)|sing + hq(k)|ﬁnite .
The singular term h(1)q (k)|sing is given in [7].
The ﬁnite contribution, which is our main result, ﬁ-
nally reads
hq(k2)|ﬁnite = h(0)(k2, αS(k2))
{
1 +
αS Nc
2π
[
K − π
2
6
+ 1
− R log(4R) − log(Z)
(
(1 + 2R)
√
1 + R
R
+ 2 log(Z)
)
− 3 √R
(
Li2(Z) − Li2(−Z) + log(Z) log
(
1 − Z
1 + Z
))
+
(
1
2
log (4R) +
1
2
log2 (4R) + Li2
(
1
4R
))
Θk2 m
+ Li2 (4R)Θmk2
]}
.
(4)
with R = k2/(4m2) and Z = (
√
1 + R +
√
R)−1. As in
Ref. [7], we have absorbed the singularities proportional
to the beta function into the running of the strong cou-
pling αs(k) [8], for details we refer the reader to Ref. [9].
The heavy quark impact factor, as described here, will
be applied to high-energy phenomenology study of the
cross section for single heavy quark forward production
at the LHC [10].
5. Numerical results and conclusions
The result in Eq.(4) gives us a possibility to proceed
to a ﬁrst numerical study of the size of the mass cor-
rections to the impact factor at NLx accuracy. We have
adopted the running coupling scheme as described in
Refs. [8] with n f = 5 ﬂavors. At Lx accuracy, we use a
ﬁxed value for the strong coupling αS = 0.2.
In the plot in Fig. 1 we show the Lx as well as the
NLx quark impact factor, the latter for two quark mass
values, m = 0 and m = 5 GeV. We see that the NLx
correction to the leading order impact factor for mass-
less quark is positive and moderate for small k2 where
the behavior is governed by the strong running coupling,
but for most of the range of the plot the NLx correction
is negative. For a non-zero quark mass, in the region
k22/m2 < 1, the overall correction is positive and large.
It turns negative closely after k22/m2 = 1, but for larger
k22/m2, they follow the NLx massless curve as expected.
To get a better quantitative picture of the behavior of the
NLx corrections in the massless and massive case, it is
valuable to study the ratios of the impact factors at Lx
and NLx accuracy. In the ﬁrst plot in Fig. 2 we can
see that the relative size of the full NLx corrections for
low k2 (k2 < 10 GeV) vary from more than +100%
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down to some −20%, for similar mass values m = 4
GeV and m = 5 GeV. To estimate the magnitude of the
NLx corrections induced purely by the quark mass, we
plot, the second plot in Fig. 2, the ratio between the ﬁ-
nite parts of the NLx massive and massless quark impact
factor. The corrections are of the order of a 100% for
the small k22/m2 valeus and decrease as k
2
2/m
2 is getting
larger. The cusps in the curves are solely an eﬀect of
the choice of the factorization scale. As expected, in the
limit k2 → ∞, the massless and massive NLx impact
factors match such that their ratio approaches 1.
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Figure 1: Transversal momentum distributions.
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Figure 2: Transversal momentum distributions.
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